RESULTS: Of the 164,059 patients linked to 3236 primary care physicians, 12.0% received visits while hospitalized.
Visited patients had more readmissions, more deaths, and fewer emergency department visits than patients who did not. However, after adjusting, visited patients had a lower risk for the composite outcome at 30 days (adjusted OR Transitions in care are vulnerable periods. As patients are transferred between settings of care (such as from hospital back to the community), communication between healthcare providers is vital for care continuity. 1 A significant number of preventable adverse events may be related to ineffective communication between care providers. [1] [2] [3] The advent of specialized care, such as the introduction of hospitalists in acute care settings, has created an environment in which a patient's most responsible physician can often change multiple times as they move through the healthcare system. 4 Although there are many benefits to this type of concentrated care, the increase in care transitions may result in breakdowns in communication that may then be linked to risks in patient safety and suboptimal patient outcomes. [5] [6] [7] [8] Improved continuity of care has been demonstrated to enhance patient safety during care transitions. 7 Efforts to develop continuity of care interventions are largely focused on care-provider continuity, improved facilitation of communication, care planning, and increasing involvement of primary care physicians during follow-up to hospitalizations and specialist visits. 9, 10 Such continuity of care efforts may provide a moderate benefit, but there remains room for improvement. 10, 11 One dimension of continuity of care that has received limited attention is the potential impact of primary care physicians hospital visits to their hospitalized patients in a supportive-care role. 12 In these situations, the primary care physician is neither the most responsible physician nor are they involved directly in their patient's hospital care. However, visiting their patient implies that they are aware of the hospitalization, thereby facilitating the potential for communication between care providers. Primary care physicians can also provide valuable contextual and relevant information as well as be involved in the discharge process. To identify the extent to which primary care physicians visit hospitalized patients and to measure the potential impact of primary care physician supportive visits on future outcomes, we used population-level data to determine the frequency of supportive-care visits by primary care physicians to hospitalized patients and to identify the association between these visits, patient outcomes, and health services utilization.
METHODS Overview
We applied a retrospective cohort design utilizing linked population-based administrative databases in the province of Ontario, Canada to examine outcome differences between patients who received a supportive-care in-hospital visit by their primary care physician compared to those who did not.
Databases
We assembled the cohort from linked and encrypted population-based healthcare administrative databases. Data were derived from information on patients and physicians from the Ontario Health Insurance Plan, the Canadian Census, the Canadian Institute of Health Information Hospital Discharge Abstract Database, Registered Persons Databases, National Ambulatory Care Reporting System, Corporate Provider Database, Client Agency Program Enrolment, and Home Care Database. These databases have been validated and widely used in numerous studies. [13] [14] [15] All adults aged 18 years who were discharged from the hospital in Ontario, Canada between January 1, 2008 and December 31, 2009 were included. Patients transferred to nursing homes or other acute care facilities following discharge, including rehabilitation centers, were excluded because they may have different readmission patterns. Among remaining hospitalized patients, only those with an identifiable primary care physician in the community were included. The patient-primary care physician pairings were identified using validated algorithms based on historical physician billing information. 16 This approach, adapted from previous studies, maximized the comparability among the study groups. 17, 18 In addition to having an historical relationship with the patients, primary care physicians had to have a history of conducting in-hospital supportive visits (i.e., visits to at least 2 hospital patients within the previous year) for the patient-primary care physician pair to be included. This criterion was included to increase the likelihood that we were capturing a usual physician practice behavior and not a single circumstantial visit by a primary care physician. The history of supportive visits was also identified with physician billing data using a specific fee code.
Exposure
The exposure of interest was an in-hospital visit in a supportive-care role by the primary care physician during a patient's hospitalization and was obtained from physician fee codes. The fee paid for a visit during the study period was less than $20 CND.
Outcome Measures
Two different composite outcome measures were examined. The primary outcome was a composite of an emergent hospital readmission, death, or emergency department visit (without hospital admission). A composite measure was utilized to account for all outcomes simultaneously and thus be representative of the overall patient experience. 19 This approach has been applied in several studies examining continuity of care. [19] [20] [21] The secondary outcome examined processes of care. It was a composite evaluating ambulatory health services use postdischarge, specifically the number of primary care physician office visits and formal (ie, paid for by the universal provincial health plan) home-care services. Home-care services included both visits for nursing care as well as formal social support such as personal care. All outcome measures were assessed at 30 and 90 days following hospital discharge to assess for short and medium range outcomes. , living in a rural region, and the number of previous visits with primary care physicians were described from the available data. Readmission risk from the initial hospitalization was calculated based on the LACE score. 23 The LACE score is a validated measure of 30-day readmission risk based on healthcare administrative data that account for (L) length of stay, (A) acute admission, (C) comorbid disease burden, and number of (E) emergency department visits in previous 6 months. 23 The LACE score ranges from 0 to 19, which correspond to a probability of readmissions of 2% to 43.7%, respectively. We considered individuals to have a high risk of readmission with a LACE score 10, which corresponds to a probability of readmission of 12.2%. 23 
Statistical Analyses
Descriptive statistics were used to compare patient characteristics among those with a primary care physician supportive-care visit to those without. Logistic regression modeling was conducted to examine the impact of primary care physician visits on outcomes. The results reported here reflect the selection of adjusting for the confounders of age, sex, a history of primary care physician visits, low income, rurality, and the LACE score.
Ethics
The project analysis was conducted at the Institute for Clinical Evaluative Sciences (ICES) in Toronto, Ontario and was approved by the Sunnybrook Health Sciences Centre Research Ethics Board.
RESULTS

Overview
There were 11,316 primary care physicians identified as practicing in Ontario during the study period, of which 3236 had a history of conducting regular inhospital visits to 2 or more patients. The final patient cohort consisted of 164,059 hospitalized patients; 19 ,614 patients received a visit from their primary care physician, whereas 144,445 did not ( Figure 1 ).
The hospitalized patients who received a visit from their primary care physician were significantly different than the patients who did not receive an inhospital visit (Table 1) . Notably, patients who received a visit by their primary care physician had longer lengths of hospital stay (9.7 days vs 6.8 days, P < 0.001). As well, a greater proportion had a high 30-day readmission risk (LACE score 10: 39.4% vs 29.9%, P < 0.001) ( Table 1) . 21 Patients who received an in-hospital visit by their primary care physician were significantly different from those who did not (Table 2) . They were older (68.4 years vs 65.7 years), and had a higher risk of readmission (LACE score of 9 vs 8). As well, proportionally fewer patients who received a visit were from rural regions than in the comparator group (9.9% of patients visited were from rural regions vs 17.8% of patients who did not receive a visit) ( Table 2) .
Individual Outcomes
Patients who received an in-hospital visit by their primary care physician were also more likely to be readmitted within 30 days of discharge (8.9% vs 7.8%, <18 years of age, died before or during index hospitalization, were nonmedical patients (eg, psychiatric or obstetrics), were discharged to an acute care facility (eg, transfer between hospitals), or were missing data or data were not otherwise available. Abbreviations: PCP, primary care physician. z LACE score is a validated measure predicting readmission risk and accounts for length of stay, acute admission, comorbid disease burden, and number of ED visits in previous 6 months. The probability of readmissions range from 2% for a score of 0 to 43.7% for a LACE score of 19; LACE score of 10 corresponds to a probability of readmission of 12.2%. P < 0.001) and within 90 days of discharge (14.2% vs 12.6%, P < 0.001). Additionally, patients who were visited by their primary care physician while hospitalized were more likely to die within 30 days postdischarge than those who did not receive an in-hospital visit (3.7% vs 3.2%, P < 0.001) and similarly by 90 days postdischarge (7.7% vs 6.8%, P < 0.001) ( Table 2) . Patients who received an in-hospital visit were less likely to visit the emergency department at 30 days (10.4% vs 11.6%, P < 0.001) and at 90 days (18.6% vs 20.5%, P < 0.001) compared to patients who did not receive an in-hospital visit ( Table 2) .
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The patients who received in-hospital visits by their primary care physician had a greater average number of primary care physician visits in the community at 30 days (3.8 vs 3.1, P < 0.001) and 90 days (8.2 vs 6.9, P < 0.001) ( Table 2 ). Additionally, a higher proportion of patients who received an in-hospital visit accessed home-care services at 30 days postdischarge (31.6% vs 26.8%, P < 0.001) and 90 days postdischarge (37.0% vs 31.6%, P < 0.001) ( Table 3) . Estimates for each individual component of the composite outcome revealed significantly lower risk for ED visit and death but similar risk for readmission at both 30 days and 90 days after hospital discharge for patients who received and in-hospital visit from their primary care physician and those who did not (Table 3) .
Secondary Outcome
Patients who received an in-hospital visit by their primary care physician were more likely to experience the composite outcome of home-care services and community primary care physician visits at 30 postdischarge (16, 
DISCUSSION
Our population-based study of primary care physicians is among the first to examine outcomes of patients whose primary care physicians have a history of providing supportive visits to hospitalized patients. After controlling for risk differences in patients at hospital discharge, we found that a primary care physician visit to a patient in the hospital was associated with a lower adjusted risk for the composite outcome of death, emergent hospital readmission, or emergency department visit at 30 and 90 days postdischarge compared to hospitalized patients who did not receive a visit by their primary care physician. We found this to be driven by patients having a lower risk of emergency department visits and death, whereas there was a similar risk of hospital readmission. We also found that visited patients were more likely to access homecare services and have more primary care physician visits in the community following discharge. *Adjusted for age, sex, being of low income, being from a rural region, and LACE score. LACE score is a validated measure predicting readmission risk and accounts for length of stay, acute admission, comorbid disease burden, and number of ED visits in the previous 6 months. The unadjusted model differs substantially from the adjusted model. On the surface this is an apparent paradox where the unadjusted results suggest an association with potential harm or no difference with a supportive visit. Conversely, the adjusted model suggests a reduction in harms. The differences between the unadjusted and adjusted model is driven by changes in the point estimates for readmission and death rates at both 30 and 90 day postdischarge. Prior to adjustment, it appears as if a primary care physician visit is associated with a significant increase of death; however, upon adjustment, it is associated with a significant reduction in death. Interestingly, this is a different effect than that observed with the secondary analysis, where the adjusted analyses demonstrate a more modest (but still positive) effect of supportivecare visits. This observed change is likely due to differences in the patient groups. We can speculate that this may be an observed phenomenon of primary care physicians opting to visit their sicker patients, as perhaps it should be; however, further research is required to fully understand the real drivers of a supportive visit.
Our results are consistent with an earlier study that identified that a minority number of primary care physicians visit their hospitalized patients. 24 As well, findings from a randomized controlled trial of 364 patients over 60 years old identified a limited impact of primary care physician visits on patient outcomes but noted enhanced access to community health services. 12 Our work highlights the potential impact of primary care physician visits, which could, in theory, be leveraged and be an important role that primary care physicians can play in planning postdischarge care and improving the quality of care following hospitalization.
Our research study did not examine the impact of in-hospital primary care physician visits on patient satisfaction directly. However, it has been demonstrated that patients have a strong desire for their primary care physician to be involved in their hospital care and their preference is for direct contact, with face-to-face visits compared to telephone or other communication. 25 This choice is important because dissatisfaction with services is associated with a loss of patient confidence in care quality and decreased adherence. 26 Also, primary care physicians acknowledge that information exchange is lacking when their patients are discharged, and that improving this aspect of a patient's care transition is important. 20 Research into discharge summaries as a tool to fill the communication gap has noted some success, yet there remains uncertainty regarding the type of information that should be included in a discharge summary, the time frame in which primary care physicians actually receive the summaries, and the accuracy of the information provided. 20, 27 Our use of population-based administrative data sources make the findings of our research generalizable to other similarly designed healthcare systems where a primary care physician may visit their hospitalized patients in a supportive-care role. We were interested in a complex patient-physician interaction with a number of potential confounding factors, and our use of a composite measure represents the broad outcomes from this contact. Our cohort methodology was designed to isolate the exposure of interest while maximizing uniformity between the 2 study groups on other characteristics. Additionally a number of potential confounding factors were considered in an effort to isolate the effect of the primary care physician inhospital visit such as age, comorbid disease, and risk of hospital readmission. 12 The findings of our work support that of earlier research, but on a broader and more generalizable scale. 12 There were notable differences between the intervention and control patient populations in the proportion of patients from rural regions who receive a supportive visit. This may be due to systemic differences between rural and nonrural regions with regard to access to care and ease of visit by primary care physicians. Alternatively, observed differences may be due to limitations of our study design in that some rural environments rely on primary care physicians to be involved in hospital care for the region. As such, they may actually be visiting their patients in a manner that was not captured as a supportive-care visit. This is an important area that should be pursued in the future.
We acknowledge there are limits to our research findings. First, the nature of administrative data introduces challenges to causal inferences. As such, we are careful to describe associations and not draw causative links as there may be additional variables influencing outcomes including the patient-physician relationship, the location of the hospital relative to the physician practice and/or home, the time of the primary care physician visit, primary care physician hospital privileges for supportive-care visits, and the number of other patients the primary care physician had in the same hospital at the same time. A second limitation is the use of the selected outcomes, which may not be direct measures of care quality. 28 However, the selected outcomes have been shown to be good quality measures in other work relevant to health policy. 8, 20, 21, 29 Third, the use of a composite outcome may over-or underestimate an exposure's impact. 19 Our composite outcome might have been dominated by some of its components. These observations may reflect the reality of primary care physicians visiting their sicker patients, or may be an attribute of the relatively short length of follow-up of the study design. Fourth, we cannot determine whether there were additional interventions in place that assisted the continuity of care for primary care physician visits. 20, 27 However, this research included a broad range of hospitals throughout a large province where there were no system-level quality interventions applied during this time. Fifth, our readmission rate may appear lower than other studies. However, our analysis is population based and not limited in focus to seniors. 30 As well, our posthospitalization death rates are similar to others, and the readmission rates are comparable to other Canadian studies. 31 Sixth, patients at higher risk for adverse outcomes may be identified as requiring more communication with their primary care physicians and we may not have fully captured this risk in our adjustment models, thereby underestimating the effect of exposure. 27 Further, primary care physicians may be involved in major medical decisions such as transitions to palliative care. A supportive-care visit that facilitated these transitions and its ensuing outcomes may not have been included in our analysis. Seventh, our inherent assumption is that more care, such as posthospital primary care visits and home visits, denotes better care. This may not always be the case. 32 Eighth, physicians may find it difficult to visit their patient in the hospital, even when asked. 12 Finally, our findings are contingent on a system that supports primary care physicians being aware of their patients who become hospitalized. This is not only incumbent on any individual (eg, hospitalist) but a system where all providers work cohesively and seamlessly. On balance, however, these limitations do not overshadow our study's findings and conclusions.
Visits by primary care physicians to hospitalized patients are a longstanding tradition. The practice likely varies according to regional, patient, and individual physician characteristics. [16] [17] [18] 25 However, reimbursement codes for these services are present in a number of international healthcare systems' physician fee schedules with fairly modest remuneration amounts. The fairly nominal fee of less than $20 CND for a supportive-care visit is similar to other systems and does not constitute a strong financial incentive to encourage this practice. The fee likely compensates the primary care physician for some of their time but comes with an opportunity cost to other aspects of their practice. Thus, results may differ in other environments or if the fee were higher, thereby incenting more primary care physicians to conduct visits. Indeed, the entire program for supportive hospital visits cost approximately $2.5 million CND per year for the 13 million people in the province of Ontario. Future work in this area could address the overall value and cost-effectiveness of any potential fee changes. Still, it highlights the generalizability of our findings to other health systems and the ease in assessing the effect of the practice.
Overall, our findings underscore the importance and relevance for the practice of supportive-care visits in its association with patient outcomes and health services utilization, which may prove to be an important key factor to improve quality healthcare. Our results suggest that an in-hospital visit by a primary care physician may improve patient outcomes and increase subsequent support in the community. An inhospital supportive visit may be an additional method by which primary care physicians, and healthcare systems as a whole, strive to achieve the best care for patients.
